The outcome of 24 months of cabergoline treatment on prolactin (PRL) normalization, tumor shrinkage, restoration of pituitary function, and semen alterations was prospectively investigated in 41 men with macro-(age 17-70 yr) and 10 with microprolactinoma (age 18 -53 yr). Fifty-one age-matched men served as controls for semen analysis.
C LINICAL MANIFESTATIONS AND response to therapy of prolactinomas in women are widely described, whereas scant data are still available in men. This is due mainly to the fact that microadenomas, the most common form of hyperprolactinemia, are more common in women (1), whereas macroadenomas, which are less frequent than microadenomas, were reported to be similarly frequent in either gender (1) (2) (3) (4) or more common in men (5, 6) . Whether this reflects only a delay in diagnosis in men or a true gender difference in tumor pathogenesis is still unclear, but some data suggest that men could have more aggressive prolactinomas than women (7, 8) and thus are likely less responsive to pharmacotherapy. However, data on hyperprolactinemia in men are still limited compared with women and have usually been analyzed in small retrospective studies (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . In a 5-yr prospective study on 219 patients with hyperprolactinemia, we showed that prolactin (PRL) normalization after a 6-month treatment with cabergoline, a D 2 -selective dopamine agonist, was higher in micro-than in macroprolactinomas but was similar in women and in men (1) . Moreover, scant data are available on the recovery of sperm function in men with prolactinoma. In previous studies including a small cohort of patients (19, 20) , we found a significant increase of number, motility at first hour, forward progression, and normal morphology of sperm after either bromocriptine, quinagolide, or cabergoline treatments but improvement of sperm and sexual function was more evident and rapid in patients treated with cabergoline (20) . These data were further confirmed in a recent prospective study including 51 patients (21) .
To extend our preliminary observation and provide additional details on long-term cabergoline treatment outcome in men with prolactinoma, we prospectively investigated the efficacy of increasing doses of cabergoline on PRL normalization, tumor shrinkage, recovery of visual field and/or other neurological defects, and restoration of pituitary function and sperm function. be included in this study after their informed consent had been obtained (Table 1) . Inclusion criteria were, for macroprolactinomas, serum PRL levels at least 200 g/liter and a pituitary tumor at least 1 cm in diameter on pituitary magnetic resonance imaging (MRI), and for microprolactinomas, serum PRL levels at least 50 g/liter and a pituitary tumor less than 1 cm in diameter, with a follow-up of at least 2 yr (1). At study entry, all patients suffered from libido impairment, whereas reduced sexual potency and infertility were referred by some of them (Table 1) . After 6 months of beginning treatment, 17 patients (16 macro-and one microprolactinoma) required testosterone replacement and were thus excluded from subsequent follow-ups of semen analysis. For this endpoint only, we thus investigated 25 men with macro-and nine with microprolactinoma at the 12-and 24-month evaluation. Fifty-one men randomly recruited among clerks, students, and doctors age matched with the study population, living in the same geographical area, and without any known disease agreed to serve as controls. All the 51 patients had been included in a previous study reporting only the results of the 6-month follow-up for PRL levels and tumor shrinkage (1) . Five patients were also included in the study focusing on tumor shrinkage in macroprolactinomas (22) , and six patients with macro-and three with microprolactinoma were included in the study focusing on therapy resistance (2) . None of them had been included in previous studies on seminal fluid analysis (19, 20) .
Study protocol
At study entry, serum PRL levels were calculated as the average value of a 6-h profile by blood sampling every 30 min (0800 -1400 h). After 1, 3, 6, 12, 18, and 24 months of treatment, PRL levels were assayed between 0800 and 0900 h every 15 min for at least three samples, and the average value was taken for statistical analysis. A general clinical examination was performed, and serum FSH, LH, and testosterone were determined before treatment and every 6 months during the follow-up. Additionally, the following symptoms and signs were specifically investigated in all patients: visual field defects, visual loss, headache, galactorrhea, libido and/or potency sexual dysfunction, and infertility. Patients with hypopituitarism received standard replacement therapy with l-thyroxin (50 -100 g by mouth daily) and cortisone acetate (25-37.5 mg/d). Testosterone or gonadotropin replacement, according to the individual patient's desire of fertility, was considered only after 6 months of treatment if testosterone secretion was not normalized. At baseline, GH deficiency was diagnosed by IGF-I levels below the 25th percentile for sex and age, whereas after 6 months of treatment, all subjects were tested with an arginine (ARG) ϩ GHRH test according to Ghigo et al. (23) . ARG (arginine hydrochloride) was administered at the dose of 0.5 g/kg, up to a maximal dose of 30 g slowly infused from time 0 -30 min, whereas GHRH 1-29 was given at the dose of 1 g/kg as an iv bolus at time 0. Blood samples were taken every 15 min from -15 min up to 90 min. GH deficiency was diagnosed when the GH peak after ARG ϩ GHRH was less than 9 g/liter, according to previous studies (24, 25) . Pituitary ACTH deficiency was diagnosed when serum 0800 h cortisol levels were low (Ͻ3.6 g/dl; 100 nmol/liter) or cortisol peaked at less than 21 g/dl (600 nmol/liter) in response to synthetic ACTH stimulation (250 g, iv) together with an increase from basal of less than 8 g/dl (220 nmol/ liter), whereas TSH deficiency was diagnosed when a subnormal serum free T 4 level (Ͻ9 pmol/liter) was associated with a low or normal TSH level (0.3-5 mU/liter). Serum IGF-I, testosterone and free thyroid hormones, serum and urinary Na ϩ and K ϩ measurements were assessed every 6 months for the adequacy of hormone replacement therapy. To evaluate the recovery of pituitary function, withdrawal from replacement therapy was performed after 6 and 12 months of cabergoline therapy.
Treatment protocol
For all patients, cabergoline was the first line therapy. According to a previous study (12) , treatment was started orally at a dose of 0.5 mg once weekly for the first week, then twice weekly. Dose adjustment was carried out every 2 months on the basis of PRL suppression; the dose was increased when hormone levels were more than 15 g/liter. In large macroprolactinomas showing an infrasellar extension, the starting dose of cabergoline was 0.25 mg once a week for the first week, then twice weekly to reduce the dosage below levels associated with risk of rhinorrhea (25) . Dose adjustment was performed as above. In patients not normalizing PRL levels, the dose was progressively increased to 3.5 mg/wk. All patients were followed for 24 months.
Imaging studies
Tumor mass was evaluated by MRI as previously reported (2, 22, 27) . MRI studies were performed on clinical 0.5 T and 1T scanners, using T1 weighted-gradient recalled-echo (repetition time, 200 -300 msec; echo time, 10 -12 msec; flip angle, 90°; four signal averages) in the sagittal and coronal planes. The acquisitions were repeated before and after the administration of 0.1 mmol of gadolinium chelate. MRI was performed before and after 3 and 6 months of treatment in patients with macro-and before and after 6 months of treatment in those with microprolactinoma. All tumor diameters were measured, and the maximal tumor diameter (expressed in millimeters) was considered in all adenomas for further analysis. Based on the criticism that tumors are seldom of spherical shape and thus the calculation of tumor volume according to the ellipsoid formula could lead to misleading results, in disagreement with a previous study (22) and in agreement with more recent studies (1, 2, 28), we evaluated tumor shrinkage as reduction of the maximal tumor diameter compared with baseline by a semiquantitative four-point scale as follows: less than 10% as absent, 10 -20% as mild, 20 -30% as moderate, and as more than 30% as remarkable. 
Visual perimetry
In patients with macroprolactinoma, the assessment of visual field defects, by Goldmann-Friedmann perimetry, and visual acuity was performed at baseline. The ophthalmological examination was repeated after 3, 6, 12, 18, and 24 months of treatment in the 11 patients with quadrantopia or hemianopia and every week for the first month and then every month in the six patients showing more severe visual field defects.
Semen analysis
The semen analysis was performed after 3 d of sexual abstinence, according to World Health Organization guidelines (29) . The evaluation of number and motility of the spermatozoa was performed in a Makler counting chamber (40ϫ). Sperm morphology was analyzed after dilution (1:1) with saline phosphate buffer and Giemsa. Normal ranges of sperm patterns (29) are as follows: volume more than 2 ml, pH 7.2-8.0, sperm concentration more than 20 ϫ 10 6 spermatozoa/ml, total sperm count more than 40 ϫ 10 6 spermatozoa per ejaculate, and total motility at least 50% or at least 25% forward progression within 60 min of ejaculation.
Assays
Serum FSH, LH, and PRL levels were assessed by RIA using commercial kits. Testosterone levels were assessed using Immulite solidphase chemiluminescent enzyme immunoassay commercial kits. Serum PRL levels were assessed by RIA using commercial kits. The intra-and interassay coefficients of variation (CVs) were 5 and 7%, respectively. Normal ranges in our laboratory were as follows: FSH and LH, 3-8 IU/liter; testosterone, 3-9 g/liter; and PRL, 5-15 g/liter. Serum GH levels were measured by immunoradiometric assay (IRMA) using commercially available kits. The sensitivity of the assay was 0.2 g/liter. The intra-and interassay CVs were 4.5 and 7.9%, respectively. Serum IGF-I was measured by RIA after ethanol extraction. The normal range in men aged 20 -30, 31-40, 41-50, and more than 60 yr is 118 -513, 112-493, 100 -316, and 78 -258 g/liter, respectively. The sensitivity of the assay is 0.8 g/liter. The intraassay CVs were 3.4, 3.0, and 1.5% for the low, medium, and high points of the standard curve, respectively. The interassay CVs were 8.2, 1.5, and 3.7% for the low, medium, and high points of the standard curve. Serum TSH levels were measured using an IRMA (Delfia, Wallac, Inc., Turku, Finland) that has a detection limit of 0.03 mU/liter. Serum concentrations of free T 3 and T 4 were determined by RIA Lisophase kit (Technogenetics, Milan, Italy). Plasma ACTH concentrations were measured by IRMA using commercial kits. The normal ACTH range was 10 -130 ng/liter at 0800 h and 10 -80 ng/liter at 2000 h. Serum cortisol concentrations were measured by RIA using commercial kits. The normal range was 50 -200 g/liter at 0800 h and 50 -90 g/liter at 2000 h.
Statistical analysis
Data are reported as mean Ϯ sd unless otherwise specified. The statistical analysis was performed by the SPSS Inc. (Chicago, IL) package using the ANOVA for repeated measures to evaluate the effect of cabergoline throughout the follow-up in the patients' group, the MannWhitney test to compare responsive vs. resistant patients and macro-vs. microprolactinomas, and the Student's t test for paired data to compare patients vs. controls. Statistical significance was set at 5%. Correlations were performed by calculating the Pearson's or Spearman's coefficient according to data normally or not normally distributed.
Results

Patients' profile at study entry
At baseline, PRL levels were significantly higher in macrothan in microprolactinomas, as expected (Table 1) . Among patients with macroprolactinoma, 17 (41.4%) had visual field defects, 14 (34.1%) had headache, and eight (19.5%) had galactorrhea, whereas among those with microprolactinoma, none had visual field defects or galactorrhea and two had headache (20%). Hypopituitarism, apart from hypogonadism, was present in none with micro and in 22 with macroprolactinoma (53.6%); 16 patients had GH deficiency (39%), 10 had TSH deficiency (24.4%), and five had ACTH deficiency (12.2%). Testosterone deficiency was present in 30 patients with macro-(73.2%) and in five with microprolactinoma (50%; P ϭ 0.3). Eight patients with macro-(19.5%) and two with microprolactinoma (20%) were referred to the endocrinologist for infertility. FSH, LH, and testosterone levels and semen morphology, all impaired compared with controls (Table 1) , were similar in patients with macro-and microprolactinoma. In detail, in patients with macro-or microprolactinoma, respectively, seminal volume was less than 2 ml in 17 (41.5%) and 4 (40%), total sperm count was less than 40 ϫ 10 6 spermatozoa per ejaculate in 17 (41.5%) and 5 (50%), total motility was less than 50% in all, and forward progression was Ͻ25% in 37 (90%); and 9 (90%). PRL levels correlated with the maximal tumor diameter (r ϭ 0.94; P Ͻ 0.0001), testosterone levels (r ϭ Ϫ0.43; P ϭ 0.001), and cabergoline dose (r ϭ 0.53; P Ͻ 0.0001), but with none of the sperm parameters.
Effect of 24 months of treatment on the normalization of PRL levels
During cabergoline treatment, PRL levels ( Fig. 1 ) lowered progressively in both groups. At the 24-month follow-up, PRL levels were normalized in 31 patients with macro-(75.6%) and in eight with microprolactinoma (80%, P ϭ 0.9); galactorrhea disappeared in all patients. The dose required to normalize PRL levels was 1 mg/wk in 17 patients with macro-(41.2%) and in all with microprolactinoma and 1.5 mg/wk in eight (19.5%) and 2 mg/wk in seven (17%) patients with macroprolactinoma. In two patients with macro-and five with microprolactinoma, the dose was reduced to 0.5 mg/wk. In the 10 patients with macro-and two with microprolactinoma not achieving PRL normalization and classified as resistant to cabergoline, the dose was increased up to 7 mg/wk without any significant PRL-lowering effect, and thus the dose was lowered to 3.5 mg/wk during the rest of the follow-up. The comparison between patients resistant and responsive to cabergoline therapy is shown in Table 2 . Basal PRL levels were higher in resistant patients with macro-but not with microprolactinoma ( Table 2) .
Effect of 24 months of treatment on tumor shrinkage
Maximal tumor diameter progressively reduced during treatment (Fig. 1) , up to by 73.7 Ϯ 22.6% in macro-and by 72.8 Ϯ 28.3% in microprolactinoma (P ϭ 0.91) at the 24 th month followup. A remarkable shrinkage (Ͼ30% decrease of the maximal tumor diameter) was found in all macroprolactinomas and in all but one microprolactinomas; 15 macro-(30%) and seven microprolactinomas (46.7%, P ϭ 0.37) disappeared after 24 months of treatment. None of the patients had evidence of any increase in tumor size during therapy, neither in those resistant to the treatment. Individual results, according with therapy responsiveness are shown in Fig. 2 . Visual field defects disappeared in 15 (75%) patients with macro-and headache disappeared in 15 (83%) with macro-and in one with microprolactinoma (50%). The percent PRL decrease was weakly correlated with the percent decrease of the maximal tumor diameter (r ϭ 0.38; P ϭ 0.005). The maximal tumor diameter before therapy was higher in resistant patients with macro-but not with microprolactinoma ( Table 2) .
Effect of 24 months treatment on the residual pituitary function
According to our study protocol, the ARG ϩ GHRH test was performed 6 months after cabergoline treatment began. GH deficiency was diagnosed in 12 patients with macroprolactinoma (29.3%), six of the 16 showing low IGF-I levels before therapy and six newly diagnosed; all 12 received GH replacement. In none of these 12 patients did the tumor regrow during GH replacement, but it continued to decrease, as in the cases not receiving GH replacement. Another seven patients of the 16 showing low IGF-I levels before therapy had a GH peak between 9 and 16.5 g/liter and were classified as partial GH deficient, but IGF-I levels returned to the normal range for age and sex. When these seven patients were retested after 12 months of cabergoline therapy, the GH peak to the ARG ϩ GHRH test was above 16.5 g/liter in five and was still between 9 and 16.5 g/liter in the remaining two patients. In the hypopituitary patients with macroprolactinoma, replacement therapy remained unchanged during treatment except for three who withdrew from cortisone replacement after confirmation of normal ACTH reserve by ACTH test. So, GH secretion was recovered in 62.5% and ACTH secretion in 60% of cases. After 6 months of treatment, testosterone levels were normalized in 25 patients with macro-(60.9%) and in six with microprolactinomas (60%); the remaining 20 patients (16 with macro-and four with microprolactinoma) required testosterone replacement (in 14) or gonadotropin replacement (in six). This latter treatment was followed by pregnancy for four of the six patients within 12 months from beginning treatment. At the end of the 24-month follow-up, libido disturbances improved in 24 macro-(58.5%) and in nine microprolactinomas (90%).
Effect of 24 months of cabergoline treatment on seminal fluid
The 20 patients showing persistently low testosterone levels and requiring androgen or gonadotropin replacement were excluded from this analysis, which is based on data obtained in 31 patients. All these 31 patients achieved PRL normalization except one with a microprolactinoma who had a near normal PRL level (17-20 g/liter). Because there were no significant differences in the semen results between patients with macro-and microprolactinoma at study entry, the effect of cabergoline treatment on semen fluid was analyzed considering the two groups together. As shown in Table 3 , a significant improvement of semen parameters was observed during the follow-up. After 6 and 12 months of therapy, despite the normalization of testosterone levels, seminal parameters remained impaired compared with controls, whereas after 24 months of therapy all seminal parameters were similar to controls. However, seminal fluid and sperm count were normalized in all patients within the first year of therapy, and motility remained only slightly impaired in a few patients (Table 4) .
Tolerability to cabergoline treatment
Side effects were very mild and infrequent. Only three patients had side effects, that most commonly being nausea and drowsiness. One was an elderly patient who could not increase the dose up to 1 mg/wk, and two others had side effects after the dose of 3 mg/wk. No patient was withdrawn from treatment because of side effects.
Discussion
This 24-month prospective study of cabergoline outcome in men with prolactinoma shows that 1) PRL was normalized in 39 patients (76.5%) without any difference between those with macro-(75.6%) or microprolactinoma (80%); 2) all patients but one with a resistant microprolactinoma achieved remarkable tumor shrinkage, in line with previous findings obtained in a mixed cohort of women and men with prolactinoma (2); 3) more than 60% of the patients recovered testosterone (60.8%), GH (62.5%), and ACTH (60%) deficiency during treatment; and 4) sperm volume and number were normalized in all patients, achieving normal testosterone levels during the first 12 months, whereas motility normalized in more than 80% of cases after 24 months of therapy. These data rule out the hypothesis, based on studies in tumor cells (6, 7) , that men bear more aggressive tumors less likely to be responsive to pharmacotherapy than women, because the outcome of cabergoline treatment in the current study did not differ from that reported in other studies with similar treatment duration (2-4, 6, 18, 24 -27) .
Our data are of clinical relevance because results of treatment outcome in general, and of pharmacotherapy in particular, in men with hyperprolactinemia are scant compared with women. This is due to the fact that PRL excess is more frequent in women than in men (1). Additionally, results have usually been analyzed in small retrospective studies (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) with only one exception (1). In our preliminary study aimed at investigating the role of gender in clinical presentation and response to cabergoline (1), we analyzed the results of a short-term treatment in a larger series of patients including the current one. However, we did not observe any difference in treatment outcome between men and women, even when the prevalence of microprolactinomas was much higher in women than in men, and the increased prevalence of small lesions in women was likely to be the determinant of the higher success rate of PRL normalization in the entire series of women (1) . In the largest series reported so far by Verhelst et al. (18) , 102 men were shown to have a significantly lower likelihood of achieving normoprolactinemia than women (75 vs. 90%). However, the most likely explanation, self-acknowledged by the authors, was that men also presented more frequently a macroprolactinoma than women (86 vs. 38%). In contrast, in our rather large series of 51 men studied prospectively, although confirming the evidence that the majority presented with a macroadenoma (80.4%), the outcome in terms of PRL normalization was similar. Normalization of PRL levels was accompanied by normalization of testosterone secretion in 60.8% of cases, GH in 62.5%, and ACTH deficiency in 60%. The recovery of pituitary function after cabergoline treatment has never been investigated in detail. GH deficiency was reported to be reversed by cabergoline treatment in a very small cohort of patients studied prospectively (30) , but in our series, GH replacement was required in 12 cases, 50% of them presenting this GH deficiency at study entry. It should be noted that at study entry the diagnosis of GH deficiency was based only on IGF-I levels and not on the GH peak after the ARG ϩ GHRH test to avoid any effect of this stimulating test on an untreated macroprolactinoma. This different approach to the diagnosis of GH deficiency could have underestimated the prevalence of this alteration at study entry and hence its recovery after therapy. Moreover, a slightly reduced GH response to ARG ϩ GHRH not fulfilling the criteria for GH replacement (31) was observed in another seven patients (13.7%) after 6 months of therapy. The GH response was normalized at the 12-month follow-up in five of seven cases and remained slightly abnormal in a minority (two of seven) throughout the study. Importantly, in none of GH-replaced patients did tumor regrow, but it continuously shrank without any apparent difference compared with those not requiring GH replacement. Notably, 60% of the patients who were receiving cortisol replacement at study entry could be withdrawn from therapy within the first year of cabergoline treatment. This suggests that 6-monthly withdrawal from replacement therapies could be indicated in patients with macroprolactinoma undergoing cabergoline treatment at least during the first years of treatment. Compared with women, men have more frequently macroprolactinomas (1, 18) with a more aggressive growth profile (6, 7). Gender-related factors modifying the rate of tumor growth and inducing a lower effectiveness of pharmacotherapy were thus hypothesized in men. This hypothesis was supported by the results of a large retrospective study (18) . The results of our current prospective study demonstrated that PRL levels were normalized in 76% of patients with macro-and 80% of those with microprolactinoma and that all tumors but one were remarkably reduced in size. As expected, the tumor-shrinking effect of cabergoline was greater in responsive than in resistant patients, but interestingly, reduction of tumor size was evident also in the latter group, reinforcing our previous findings (2). These figures are not different from those observed in a cohort of women, including 49 with macro-and 81 with microprolactinoma treated throughout a similar period of time; remarkable tumor shrinkage was found in 81.6% of macro-(P ϭ 0.6) and in 93.8% of microprolactinomas (P ϭ 0.35) (our unpublished data). On the other hand, we recently reported that the amount of tumor shrinkage, evaluated as nadir maximal tumor diameter during cabergoline treatment, predicted the recurrence of hyperprolactinemia without any gender difference (28) . Additionally, most patients (76.4%) also obtained improvement of visual field defects, and only minor visual defects were evident at the end of the 24-month treatment period.
This study also confirms previous findings obtained in smaller cohorts of patients followed for shorter periods of time (19, 20) , that prolonged normalization of PRL levels by cabergoline has beneficial effects on seminal volume, sperm count, and motility. Increase of sperm count and improvement of sperm motility was, however, observed only in a subset of patients obtaining normalized PRL levels during treatment, as these were the only patients who achieved testosterone normalization. A short-term treatment was unable to completely restore sperm motility, whereas seminal volume and sperm count were normalized earlier. Hyperprolactinemia causes a spermiogenic arrest and induces an impairment of sperm motility with cytological findings similar to that observed in the prepubertal testis (32, 33) . The evidence that sperm motility improved later than sperm count is in accordance with the hypothesis of a maturational spermatogenic arrest in analogy with the prepubertal stage in the rat.
Finally, the dose of cabergoline used in this study is in line with that reported in the literature, slightly higher in macro-than in microadenomas, as expected because they were found to be directly correlated with PRL levels (present study and Ref. 2). It should be noted that based on a previous experience (2) the dose of cabergoline was not increased over 3.5 mg/wk, except in a few cases for a short period of treatment, because additional dose increments were shown not to improve PRL suppression. However, PRL levels were reduced by 96.8 Ϯ 3.2% in resistant patients with macro-and by 75.2 Ϯ 27.6% in those with microprolactinoma, indicating that all cases included in the current series were sensitive to cabergoline, even if displaying different degrees of sensitivity.
In conclusion, cabergoline treatment for 24 months at a median dose of 1.5 mg/wk in patients with macro-and 1 mg/wk in those with microprolactinomas induced normalization of PRL levels in the majority of men, restoring testosterone, GH, and ACTH secretion in approximately 60% of cases, normalizing sperm volume and count, improving sperm motility, and inducing remarkable tumor shrinkage, even in those not achieving PRL normalization, and so recovering symptoms due to tumor compression on other critical structures. Cabergoline therapy was well tolerated, and only 4.5% of patients complained of side effects at the highest doses. These data demonstrate that cabergoline treatment is as effective and safe in men as in women with prolactinoma and can be successfully used as primary therapy even in men bearing large macroprolactinomas. Reevaluation of pituitary function is advised biannually, at least during the first year of therapy, because of the high degree of recovery of hypopituitarism during cabergoline treatment. Finally, no increase of tumor size was observed in the patients with microprolactinoma undergoing GH replacement during treatment, indicating that GH replacement is safe even in patients still bearing detectable prolactinomas.
